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Study design: A retrospective cohort study of 941 women diagnosed with a tubal ectopic pregnancy in the Early Pregnancy Unit and having surgical treatment at King's College Hospital, London. Clinical and ultrasound data had been entered contemporaneously on our electronic early pregnancy database and hospital clinical records over an 11 year period from [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] . Demographic data, clinical history, ultrasound scan parameters, type of surgical management and histological diagnosis were recorded. The primary outcome measure was the presence or absence of chorionic villi in the surgical specimen. Data were analysed using Mann Whitney U test for non-parametric data, relative risk for categorical data and binomial logistic regression.
Results: A surgical specimen was obtained in 925 cases. Of these, 881/925 (95.2%)
were positive for the presence of chorionic villi on histological examination. Patients with negative histology had a lower median gestational age, smaller ectopic pregnancies and lower serum human chorionic gonadotrophin levels. The relative risk of negative histology was significantly higher with a solid ectopic pregnancy on ultrasound (RR1.91, 95% CI 1.07-3.4) and with conservative surgery (RR 3.68, 95% CI 1.25-10.77). The relative risk was significantly lower with the presence of embryonic cardiac activity (RR 0.12, 95% CI 0.02 -0.85). Only the serum hCG level was a significant predictor of negative histology on logistic regression analysis (p=0.048). In 39/44 women with negative histology, the human chorionic gonadotrophin level declined after surgery with no further intervention. Five of the 44 required a second surgical procedure as the ectopic pregnancy had been missed at the initial surgery and did not resolve.
Conclusion:
There is lack of histological confirmation of sonographically diagnosed and surgically confirmed ectopic pregnancies in approximately 5% of cases, making Introduction Although conservative treatments for tubal ectopic pregnancies are increasingly employed, surgery remains the preferred treatment for the majority of women (1).
The accuracy of laparoscopic diagnosis of ectopic pregnancy has never been formally assessed, but it remains the accepted gold standard for the diagnosis of an ectopic pregnancy in an acute situation, and the primary approach for surgical treatment (2) . We perform an annual audit of ectopic pregnancy in our Early Pregnancy Unit (EPU) and we note a small number of cases where the postoperative histology does not confirm the presence of chorionic villi, despite the ultrasound and surgical diagnosis of an ectopic pregnancy. Previous studies of the diagnostic accuracy of ultrasound did not report any cases of a positive surgical diagnosis of ectopic pregnancy that was not confirmed histologically (3) (4) (5) . Older reports of diagnostic laparoscopy prior to transvaginal sonography reported 'false positive' diagnosis of ectopic pregnancy in approximately 5% of cases (6, 7) . The aim of this study was to ascertain the proportion of surgically managed tubal ectopic pregnancies that are unconfirmed histologically and to correlate the absence of chorionic villi with the clinical, ultrasound and surgical findings. The advice of our research and development committee was sought regarding the study and we were advised that formal ethical consideration would not be required.
Results
There were a total of 1491 ectopic pregnancies in EPU over the study period. 1363 (91.0%) of these pregnancies were tubal ectopic pregnancies. Of these cases, 23 patients completed their follow-up elsewhere, thus a total of 1340 tubal ectopics were treated at King's. 941/1340 (70.2%) of tubal ectopic pregnancies were managed surgically, the remainder were managed non-surgically. The study population had a mean maternal age of 30.6 years, 47.0% were black, 26.2% white, Considering the 44 cases with negative histology, 28 showed indirect evidence of an ectopic pregnancy with haemorrhage in the tube, including five cases that also had intraluminal trophoblast. In two of the 23 cases with haematosalpinx alone, the ectopic pregnancy persisted on ultrasound examination and the hCG continued to rise, so second surgery was performed. 16 cases showed chronic inflammation or tubal epithelial hyperplasia, including one case of tubal schistosomiasis. Of these, three women were found to have ongoing ectopic pregnancies requiring second surgery. All five women who required a second surgical procedure had histologically confirmed ectopic pregnancies at second surgery. However, one of these was contralateral to the side of her initially diagnosed ectopic pregnancy. Two of these women had had salpingectomies at their initial surgery. The remaining 39/44 (88.6%) women were asymptomatic post-operatively and their serum hCG levels declined without the need for further intervention.
A comparison between clinical features, USS findings, surgery and final histological outcomes of 925 pregnancies (i.e. including the three cases where the initial surgery failed to identify the ectopic pregnancy) is shown in table 2. Patients with negative histology had a significantly lower median gestational age, smaller ectopic pregnancies and lower hCG levels. The relative risk of negative histology was significantly higher with an inhomogenous, solid ectopic pregnancy on ultrasound and with conservative surgery. The relative risk was significantly lower with the 9 presence of embryonic cardiac activity. Only serum hCG level was a significant predictor of negative histology on logistic regression analysis (p=0.048).
Comment
Our study has shown that failure to confirm an ectopic pregnancy is a fairly common outcome at histological examination; occurring in just under 5% of cases. Although we found clinical factors that were more frequently associated with negative histological examination, none were sufficiently exclusive so as to be clinically useful.
There are two possible reasons that histological examination may fail to confirm an ectopic pregnancy; the diagnosis may have been incorrect (ie. a true false positive) or the ectopic pregnancy may have been present, but either omitted from the surgical specimen or missed during processing in the histopathology laboratory.
Omission from the surgical specimen may be because ectopic had already miscarried from the tube and been removed by suction along with the blood and clot in the pelvis -unless all the contents within the suction vacuum are sent for histological analysis, chorionic villi are unlikely to be identified. Another potential reason is that the part of the fallopian tube or tubal mass that contained the chorionic villi was not included in the surgical specimen that was sent to the laboratory. This may be due to an error by the scrub team or omission by the surgeon -the ectopic gestation is often located at the medial aspect of the tubal swelling, and may be smaller than the associated haematosalpinx. However, as long as any remaining chorionic villi are non-viable, which is likely to be the case due to diathermy and devascularisation, surgical treatment will still have been successful. Very occasionally, the wrong part of the tube is removed intra-operatively due to the tube appearing swollen, missing the actual ectopic pregnancy. This was proven to be the case in 5/935 of our patients, 0.53% of all surgically confirmed tubal ectopic pregnancies. We had one case where the ectopic pregnancy was eventually diagnosed contralateral to the side of initial diagnosis (i.e. there was a genuine false positive diagnosis on both ultrasound and surgery); the initial histology of the tube showed a haematosalpinx and chronic inflammation, but the ectopic pregnancy was located in the interstitial portion of the opposite tube. So although rare, it is important to recognise that not every tubal swelling in a woman with a positive pregnancy test and an empty uterus on ultrasound examination is due to a tubal ectopic pregnancy and that misdiagnosis is a risk. Misdiagnosis and the consequences of misdiagnosis can be minimised both by accurate ultrasound diagnosis and by restricting intervention to women in whom it is clinically justified. The risk of intervention has to be balanced against the risk of a delay in treatment, resulting in tubal rupture or more aggressive surgical treatment than would have been necessary had intervention occurred sooner. It was reassuring that we had no cases of intrauterine pregnancies misdiagnosed as ectopic pregnancies in this surgical series, but the risk of a false positive diagnosis of ectopic pregnancy is reason to caution against the liberal treatment with methotrexate (8) . This is particularly the case given that expectant management of ectopic pregnancy is feasible in approximately one third of women, without risking teratogenesis should the diagnosis prove incorrect (9).
The UK Royal College of Obstetricians and Gynaecologists produced guidance for clinicians in obtaining consent of women undergoing laparoscopic salpingectomy or salpingotomy for ectopic pregnancy in 2010 (10) . Their advice includes counselling regarding the risks of inability to identify an obvious cause for the presenting complaint (i.e. a negative laparoscopy) and of persistent trophoblastic tissue when salpingotomy is performed. Our study shows that lack of histological confirmation can even occur following salpingectomy for a laparoscopically confirmed ectopic pregnancy, so we believe that this should be included in counselling and accounted for in postoperative follow up. This study also provides benchmarking data that other hospitals may wish to audit against and that may be quoted in medico-legal cases.
As yet, there are no published data from other units in the UK, but there is no reason to suggest that our findings should not be generalisable to other hospitals.
We recommend that units establish a formal means of checking the histology results after surgery for an ectopic pregnancy, following up those women with negative results to ensure that their pregnancy has resolved and allow timely intervention in the small number with ongoing ectopic pregnancies. The alternative is to perform a follow up urinary or serum hCG on all women post-surgery, not solely those who have had conservative surgery or a salpingotomy, so as not to miss the small number of women with persistent ectopic pregnancies that may require further treatment. 
